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ABSTRACT 

Context, The topology of penumbral magnetic fields is poorly known. The satellite Hinode has recently revealed penumbral structures 
with a magnetic polarity opposite to the main sunspot polarity. They may be a direct confirmation of magnetic field lines and mass 
flows returning to the solar interior throughout the penumbra, a configuration previously inferred from interpretation of observed 
Stokes profile asymmetries. 

Aims. To point out the relationship between the reverse polarity features found by Hinode, and the model Micro-Structured Magnetic 

Atmospheres (MISMAs) proposed for sunspots. 

Methods. Synthesis and modeling the sunspot Stokes profiles. 

Results. Existing model MISMAs produce strongly redshifted reverse polarity structures as found by Hinode. Ad hoc model MISMAs 
also explain the asymmetric Stokes profiles observed by Hinode. The same modeling may be consistent with magnetograms of dark 
cored penumbral filaments if the dark cores are associated with the reverse polarity. Such hypothetical relationship will show up only 
in the far red wings of the spectral lines. 

Conclusions. The reverse polarity patches may result from aligned magnetic field lines and mass flows that bend over and return to 
the solar interior throughout the penumbra. 
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1. Rationale 

Sunspots have always been benchmarks to test our understand- 
ing of magneto convection. It is known for long that mag- 
netic forces impede the fre e plasma motions, thus reducin g 
the efficiency of convection (Biermannl ll94U ICowling||1953l) . 
However, convection occurs in sunspots despite the strength of 
the magnetic field, and the high conductivity of the photospheric 
plasma. The problem arises as to what is the mode of convec- 
tion, i.e., how magnetic fields and plasma flows adjust one an- 
other to allow transporting the energy that balances the radia- 
tion losses. This long-lasting problem is far from been settled, 
and it is particularly severe in the penumbrae of sunspots with 
predominantly horizont al magnetic fields and mass flows (for 
recent reviews see, e. g., 



Solanki 2003; Thomas & Weiss 2004; 



ISchhchenmaierll2009l; [Sanchez Almeidal I2009I: lThomasll2009l) . 
From an observational point of view, the problem lies in the 
small physical scales at which the convective transport is orga- 
nized. Even with the best spatial resolutions achieved at present, 
we cannot follow the rise, cooling, and subsequent submergence 
of plasma blobs. The topology of the magnetic field lines and 
flows must be inferred indirectly. The present paper is devoted 
to analyze and interpret a recent observation that may be central 
to constrain the topology of the magnetic fields in penumbrae. 

Ilchimoto et alj d2007l) report the presence of a strongly red- 
shifted magnetic component in the penumbrae of sunspots with 
a polarity opposite to the main sunspot polarity. This component 
shows up throughout the penumbra, a property used to argue 



that the redshift must be due to vertical velocitie s. The obser- 
vation s were carried out with the stallelite Hinode ("Kosug iet alj 
2007), which yields a spatial resolution of 0732 at the work- 
ing wavelength (^6302 A; pTsuneta et ail I2008I) . Ilchimoto et all 
fin ding seems to be at variance with the magnetograms taken 
bv lLanghans et alj d2005l |2007|) with the Swedish Solar Tower 
(SST. IScharmer et aLll2002l) . which do not show magnetic fields 
of reverse polarity in penumbrae. This poses a serious problem 
since SST has twice Hinode spatial resolution and, therefore, it 
should be simpler for SST to resolve and detect mixed polarities. 
SST magnetograms only reveal a decrease of the magnetograph 
signals coinciding with the dark cores, i.e., the dark lanes out - 
lined by bright filaments discovered by Schar mer et alj (|2002). 
This work shows how Hinode and SST observations can be 
naturally understood within t he two componen t semi -empirical 
model penumbra derived by ISanchez Almei da (2005, hearafter 
SA05), provided that the dark cores are associated with the re- 
verse polarity. 

SA05 works out the model Micro-Structured Magnetic 
Atmospheres (MISMAfl) required to quantitatively reproduce 
the asymmetries of the Stokes profile^ observed in a large 



1 The acronym was coined by Sanche zAlmeida et alj i 19961) to de- 
scribe magnetic atmospheres having optically-thin substructure, which 
naturally produce asymmetric spectral lines. 

2 As usual, the Stokes parameters are used to characterize the polar- 
ization; / for the intensity, Q and U for the two independent types of lin- 
ear polarization, and V for the circular polarization. The Stokes profiles 
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sunspot. Other inversion techniques have succeed in reproduc- 
ing the observed line shapes (e.g., [Sanchez Almeida & Litesl 
1992; IWestendorp Plaza et all 120011: Wafhew et all 120031) . but 
there is something unique to the MISMA inversion, namely, 
the model demands two opposite polarities. Thi s unexpected re- 
sult has been often criticized as unreal ("e.g.. lLanghans| [2006; 
BellotRubioj|2009), however, it is the ingredient that naturally 
explains Hinode reversals. The MISMA model sunspot includes 
two magnetic components. The major component contains most 
of the mass of each resolution element, and it has the polarity 
of the sunspot. It is generally combined with a minor compo- 
nent of opposite polarity and having large velocities. In typi- 
cal 1 "-resolution observations, the outcoming light is system- 
atically dominated by the major component, and the resulting 
Stokes profiles have rather regular shapes. An exception occurs 
in the so-called apparent neutral line, where the Stokes V pro- 
files show a characte ristic shape with three or more lob es termed 
cross-over effect (see Sanchez Alm eida & Litesll 19921 and refer- 
ences therein). At the neutral line the mean magnetic field vec- 
tor is perpendicular to the line-of-sight, and the contribution of 
the major component almost disappears in Stokes V due to pro- 
jection effects. The cancellation of the two components is ex- 
pected to be less effective when improving the spatial resolu- 
tion, leading to the appearance of cross-over profiles. Actually, 
Hinode often finds cross-over Stokes V profiles, and they show 
up precisely at the location of the reverse polarities (Fig. 5 in 
Ichi moto et al.l2007l and also §|3). The observed cross-over pro- 
files have two polarities: the main sunspot polarity close to the 
line center, and the reverse polarity at the far red wing. Since the 
reverse polarity patches detected in penumbrae by Hinode pro- 
duce cross-over profiles, they seem to correspond to structures 
where the polarity is not well defined, with positive and negative 
polarities coexisting in each pixel. 

The paper is structured as follows: §[2] shows how the model 
MISMAs from SA05 qualitatively reproduce both Hinode and 
SST observations. We work out a simple model penumbral fil- 
ament to show that it grasps the essential features of the ob- 
served ones. The same agreement is found when the model 
MISMAs are inferred by fitting actual Hinode Stokes profiles 
(§ E). The implications in the context of the penumbral mag- 
netic field topology and the Evershed effect are discussed in §|4] 
where we also put forward a specific test that could confirm or 
falsify our explanation. Empirical and theoretical difficulties for 
the dark cores to be associated with the reverse polarities are also 
discussed in §|4] 

2. Model MISMA for penumbral filaments with dark 
core 

As we describe in the introductory section, the model MISMAs 
often require two magnetic components with opposite polarities 
to reproduce the observed Stokes profiles. The major compo- 
nent has the polarity of the sunspot, and it is combined with a 
minor component of opposite polarity and having large veloci- 
ties. The outcoming light is dominated by the major component, 
so that the reverse polarity seldom produces an obvious signal in 
the spatially integrated Stokes profiles. Within this scenario, im- 
proving the spatial resolution would reduce the spatial smearing, 
allowing extreme cases to show up. In order to mimic the effect 

are graphs of /, Q, U and V versus wavelength for a particular spectral 
line. They follow well defined symmetries whe n the atmosphere has 
const ant magnetic field and velocity (see, e.g., Landi DeglTn nocentil 

EH). 



of improving spatial resolution, several randomly chosen model 
MISMAs in SA05 were modified by increasing the fraction of 
atmosphere occupied by the minor component. Now the minor0 
component shows up in Stokes V. The behavior described next 
is common to all the models, but we only examine in detail the 
example given in Fig. Q] The resulting Stokes /, Q and V pro- 
files of Fe i /16302.5 A are represented as solid lines in Figs.QJt, 
QJ> andQJ, respectively. They correspond to a point in the limb- 
side penumbra of a sunspot at yU = 0.95 (18° heliocentric angle). 
Note how Stokes / is redshifted and deformed, and how Stokes V 
shows the cross-over effect. Consequently, the improvement of 
spatial resolution with respect to traditional earth-based spectro- 
polarimetric observations naturally explains the abundance of 
cross-over Stokes V profiles found by Hinode. Figures QJ, QJ, 
andQJ also show the case where the major component dominates 
(the dashed line). The strong asymmetries have disappeared, ren- 
dering Stokes V with reasonably antisymmetric shape and the 
sign of the dominant polarity. Recall that the two sets of Stokes 
profiles in Figs. QJi, QJ), andQJ (the solid lines and the dashed 
lines) have been produced with exactly the same magnetic field 
vectors and mass flows (shown in Figs. QJ andQJ). The atmo- 
spheres differ because of the relative importance of major and 
minor components, and because of a global scaling factor in 
the temperature stratification. One of them is some 80% cooler 
than the other one. The coolest renders asymmetric profiles with 
low continuum intensity, suitable to mimic dark features (see the 
Stokes / continua in Fig.QJ). 

Understanding Hinode observations in terms of MISMAs 
also explains the lack of reverse polarity in SST magnetograms. 
Stokes V in reverse polarity r egions shows cross-over effect 
(Fig. 5 in llchimoto et al.l 120071 and the solid line in Fig. QJ), 
i.e., it presents two polarities depending on the sampled wave- 
length. It has the main sunspot polarity near line center, whereas 
the polarity is reversed in the far red wing. SST magnetograms 
are taken at line center (±50 mA), which explains why the re- 
verse polarity does not show up. A significant reduction of the 
Stokes V signal occurs, though. Such reduction naturally ex- 
plains the observed weakenin g of magnetic signals in dark cores 
dLanghans etaf]l2005L 120071 and § QJ provided that the dark 
cores are associated with an enhancement of the opposite polar- 
ity, i.e., if the dark cores produce cross-over profiles. In order 
to illustrate the argument, we have constructed images, magne- 
tograms, and dopplergrams of a (naive) model dark-cored fila- 
ment. It is formed by a uniform 100 km wide dark strip, repre- 
senting the dark core, bounded by two bright strips of the same 
width, representing the bright sides. The Stokes profiles of the 
dark core have been taken as the solid lines in Figs. QJ and 
QJ, whereas the bright sides are modelled as the dashed lines in 
the same figures. The color filters employed by Langhans et al. 
(2005, 2007) are approximated by Gaussian functions of 80 mA 
FWHM, and shifted ±50 mA from the line center (see the dotted 
lines in Fig. QJ). The magnetogram signals are computed from 
the profiles as 

AA J V(A)f(A-AA)dA 

M = ^ , (1) 

|AA| / 1(A) f (A - AA) dA 



3 Here and throughout, minor and major refer to the two components 
in the model sunspot by SA05. When applied to the components in the 
model atmospheres worked out in the paper, it only implies that their 
magnetic and velocity properties are similar to the minor and major 
components in SA05. 
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Fig. 1. (a) Stokes / profiles in one of the representative model MISMAs in SA05, which has been slightly modified to represent 
a dark core (the solid line), and its bright sides (the dashed line). They are normalized to the quiet Sun continuum intensity, (b) 
Stokes Q profiles, (c) Stokes V profiles, (d) Continuum optical depth t c vs height in the atmosphere for the dark core and the bright 
sides, as indicated in the inset, (e) Magnetic field strength vs height for the two magnetic components of the model MISMAs. They 
are identical for the dark core and the bright sides, (f) Velocities along the magnetic field lines for the two magnetic components of 
the model MISMAs. They are identical for the dark core and the bright sides. 



with the wavelength A referred to the central wavelength of the 
line, f(A) the transmission curve of the filter centered at A = 0, 
and AA = -50 mA. Similarly, the Doppler signals are given by 

AA Jl(A)[f(A + AA)-f(A-AA)]dA 

D = ^ , (2) 

|Ai| / 1(A) [f (A + AA) + f(A - AA)] dA 

but here we employ the Stokes / profile of the non-magnetic 
line used by lLanghans et all (120071; i.e., Fe i /15576 A). When 
AA < 0, the signs of M and D ensure M > for the main 
polarity of the sunspot, and D > for redshifted profiles. The 
continuum intensity has been taken as / at -0.4 A from the line 
center. The continuum image of this model filament is shown 
in Fig. [2] with the dark core and the bright sides marked as DC 
and BS, respectively. The dopplergram and the magnetogram are 
also included in the same figure. The dark background in all im- 
ages indicates the lev el corresponding to no signal. In agreement 
with [Langhans^tal] observations, the filament shows redshifts 
(D > 0), which are enhanced in the dark core. In agreement 
withfLanghans etall the filament shows the main polarity of the 
sunspot (M > 0), with the signal strongly reduced in the dark 
core. Figure|2l bottom, includes the magnetogram to be observed 
at the far red wing ( AA = 200 mA). The dark core now shows the 
reverse polarity (M < 0), whereas the bright sides still maintain 
the main polarity with an extremely weak signal. This specific 
prediction of the modeling is amenable for direct observational 
test (see §@). 



Two additional remarks on our modeling are in order. First, 
the magnetogram signal in the dark core is much weaker than in 
the bright sides, despite the fact that the (average) magnetic field 
strength is larger in the core (see Fig. QJ, keeping in mind that 
the minor component dominates). Second, the model dark core 
is depressed in height with respect to the bright sides. FigureQJl 
shows the continuum optical depth t c as a function of the height 
in the atmosphere. When the two atmospheres are in lateral pres- 
sure balance, the layer t c — 1 of the dark core is shifted by some 
100 km downward with respect to the same layer in the bright 
sides. The depression of the observed layers in the dark core 
is produced by two conspiring effects; the decrease of d ensity 
assoc iated with the increase of magnetic pressure (e.g., ISpruitl 
119761) . and the decrease of opacity a ssociated with the reduc- 
tion of temperature (e.g.. IStixl 1 1 99 lb - We mention the associ- 
ation of our dark cores with enhanced field strength and with 
geometrical depression because these properties contrast with 
some popular models of penumbral magneto -convection (e.g. 
IScharmer & Spruit] 120061; iRempel et all [2009). Note, however, 
that the association between field strength, brightness and ge- 
ometric height is far from being established. Not all models pre- 
dict dark features coinciding with weaker field. The siphon flow 
model of the Evershed e ffect has enhanced fie ld strengths in the 
downflowing leg (e.g., Schlichen maier 2002). The plasma has 
already cool down when reaching this footpoint and, so, one ex- 
pects downflows associated with stronger fields and colder plas- 
mas. As for the elevation of t he dark cores, the r e is a solid obser- 
vational result disfavoring it. ISchmidt & Fritzl (|2004) found that 
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Fig. 2. Schem atic modeling o f SST observ ations of penumbral 
filaments by lLanghans etall d2005l 120071) . A dark core (DC) 
surrounded by two bright sides (BS) is located in the limb-side 
penumbra of a sunspot at /j. = 0.95 (i.e., 18° heliocentric angle). 
The three top images show a continuum image, a dopplergram, 
and a magnetogram, as labelled. The convention is such that both 
the sunspot main polarity and a redshift produce positive sig- 
nals. The dark background in all images has been included for 
reference, and it corresponds to signal equals zero. The fourth 
image (Magneto Red) corresponds to a magnetogram in the far 
red wing of Fe i ,16302.5 A, and it reveals a dark core with a 
polarity opposite to the sunspot main polarity. The continuum 
image and the dopplergram have been scaled from zero (black) 
to maximum (white). The scaling of the two magnetograms is 
the same, so that their signals can be compared directly. 



the limb-side penumbra and the center-side penumbra are darker 
than the rest. They interpret this observation as an effect of the 
depression of the dark penumbral filaments, which are obscured 
by the bright ones when observed sideways. Obviously, this is 
an average result, but it strongly suggests that if dark cores are 
common, then they must be depressed with respect to the bright 
sides. We are showing here how the reduced magnetograph sig- 
nals observed in dark cores can be produced even if their field 
strength is enhanced. 



3. Reproducing Hinode Stokes profiles 

We have gone a step further, and the exercise in the previous sec- 
tion has been repeated using model MISMAs derived directly 
from Hinode/SP data. We use a small set of seven Stokes pro- 
files selected so that they represent extreme cases among the 
whole range of redshifted and blueshifted profiles. They were 
observed in a simple, positive-polarity sunspot (NOAA 10944) 
when the target was almost at the solar disk center (heliocentric 
angle 1°1), so that the line-of-sight direction and the vertical di- 
re ction coincide to most purposes. The observation is described 
in llchimoto et al.l (120081) . and we refer to this work for images, 
a logbook, and further details. Our data correspond to those 
taken at 18:25 UT on February 28th, 2007. Normal scan maps 
were obtained with the S pectro-Polarimeter ( S P) of the Solar 
Optic al Telescope (SO T; iTsuneta et all 120081 : ISuemats u et alj 
2008) aboard Hinode dKosugi et al.l l2007l) . The SP took full 



Stokes profiles of Fe i ,16301. 5 A and Fei ,16302.5 A with 0.1% 
photometric accuracy, and a spatial sampling of 0'.'16. 

The MISMA in version procedure described in 
Sanchez Almeida (1997) provides fair fits in all cases. Two 
examples are shown in Figs. [3] and [5] The dotted lines in Fig. [3] 
correspond to one representative reverse polarity site. The fit, 
shown as solid lines, yields the model atmosphere represented 
in Fig. [4] The inversions were carried out as described in SA05, 
and we refer to that paper for details. The only significant 
difference was the setting up of the absolute wavelength scale, 
which we zeroed from the average intensity profile in a quiet 
Sun region far from the sunspot. The wavelength of the core of 
Fei ,16302.5 A is assumed to correspond to a global velocity 
equals to the conne ctive blueshift of the line measured by 
Dravins et al. (1981). Figures [5] and [6] are similar to Figs. [5] 
and |U except that they represent a point with clear blueshift. 
The model atmospheres are similar, except for the important 
detail that the minor component does not have reverse polarity 
in the case of these strongly blueshifted profiles. The four 
panels in Figs. |4] and [6] represent the stratification with height 
in the atmosphere of (a) magnetic field strength, (b) density, 

(c) fraction of atmosphere occupied by each component, and 

(d) velocity along magnetic field lines. The minor component 
occupies a significant fraction of the atmosphere (some 40% in 
the examples in the figures), and it has low density and high 
field strength. Field strengths and densities are similar to those 
found in SA05, however, the fraction of atmosphere occupied 
by the minor component is significantly higher (almost twice 
the typical 20% in SA05). This is to be expected since we have 
selected for inversion pixels with particularly large asymmetries, 
where the contribution of the minor component must exceed the 
average to cause a significant impact on the Stokes profiles. 

We have repeated the exercise leading to the synthetic mag- 
netograms and dopplergrams in Fig. [2] but using the model 
MISMAs in Figs. [4] and [6] Specifically, we use the profiles in 
the blueshifted region to represent the bright sides, and the red- 
shifted profiles for the dark core. The result is shown in Fig. [7] 
The main features of Fig.|2]remain: (1) the bright filament has a 
dark core, (2) the line-center magnetogram has a weakening co- 
inciding with the dark core, (3) Bright sides are blueshifted with 
respect to the dark cores, and (4) the far red wing magnetogram 
shows opposite polarity coinciding with the dark core. Note that 
features 1-3 are in agreement with SST observations. 

A clarification may be appropriate. The association between 
the Stokes profiles in Fig. [3] and dark cores, and the profiles in 
Fig. [5] and bright sides is a mere working hypothesis. Hinode 
spectra barely resolve bright sides and dark cores and, therefore, 
the used profiles do not correspond to identifiable bright sides 
and dark cores. We have selected them because they illustrate 
the properties to be expected for bright sides and dark cores ac- 
cording to the modeling in § [2] Even with limitted resolution, 
just by chance, some pixels may have enhanced contribution of 
bright sides and dark cores. 

4. Discusion 

The model MISMAs by SA05 predict and produce strongly 
redshifted reverse polarity structures similar to those found by 
Hinode in penumbrae (§ [TJ. In addition to pointing out this 
agreement (§ [2j, we have applied the kind of modelling em- 
ployed by SA05 to quantitatively reproduce some representative 
very asymmetric Stokes profiles observed by Hinode (§ [3). In 
order to fit the Stokes V profiles with three lobes observed in re- 
verse polarity regions (cross-over profiles), the model MISMAs 
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Fig. 3. Set of Stokes profiles of Fe i /16301 .5A and Fe i /16302.5 A observed by Hinode in one of the reverse polarity regions (the 
dotted lines). (The ordinate axis labels identify the Stokes parameter.) Note how Stokes V shows the cross-over effect (i.e., three 
lobes rather than two). The solid lines correspond to a MISMA inversion of this set of profiles, and it renders the model atmosphere 
shown in Fig. [4] Wavelengths are referred to the laboratory wavelength of Fe i /16301.5A. The vertical solid lines indicate the 
laboratory wavelengths of Fe i /16301 .5A and Fe i /16302.5 A. 
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Fig. 7. Set of synthetic images, dopplergrams and magne- 
tograms equivalent to Fig [2] but using the model MISMAs di- 
rectly derived from Hinode spectra to represent the dark core 
and its bright sides. The main features remain as in Fig [2] 



have two components of opposite polarity in each resolution el- 
ement. The minor component holds the reverse polarity, and it 
always carries strong magnetic-field-aligned flows. High spatial 
resolution SST magnetograph observations of penumbra do not 



show reverse polarities. They just indicate a w eakening of the 
Stokes V s ignal coinciding with the dark cores dLanghans et alj 
|2005l[2007). The presence of reverse polarities and the absence 
of their signals in SST magnetograms can be explained if the 
dark cores are associated with reverse polarity Stokes V pro- 
files. Such association has not been revealed so far because 
the existing magnetograms were taken at line core, whereas 
the reverse polarity only shows up at the far red wing of the 
spectral lines. By tuning the bandpass of SST magnetograms 
to the appropriate wavelength, this specific prediction of our 
modeling can be tested observationalljQ. The association be- 
tween cross-over Stokes V profiles and dark cores is still a mere 
conjecture. However, we would like to mention an indepen- 
dent Hinode/SP observation wh ich also suggests such associ- 
ation. iBellot Rubio et a D (12007b find and discuss the case of a 
limb-side penumbra dark core which clearly shows cross-over 
Stokes V profiles (see their Fig. 2). As we argue in the introduc- 
tion, Hinode/SP spati al resolution doe s not suffice to properly 
resolve dark cores, but lBellot Rubio et alj observation is encour- 
aging. It indicates that the dark cores are associated with several 
magnetic field inclinations in the resolution element. 

The magnetic fields that we use in §[3] to reproduce the ob- 
served asymmetries are rather horizontal. However, the flows 
along field lines are so intense (in excess of 10 km s in the 
minor component; see the botton right panels in Figs. [4] and 
|6]l that the vertical component of the velocities are of the or- 

4 Even if our prediction turns out to be incorrect, the disagreement 
between Hinode and SST magnetograms is a serious problem that urges 
solution. 
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Fig. 4. Model MISMA for one of the typical cross-over profiles. It has been derived from inversion of the profiles shown in Fig. [3] 
the dotted lines, (a) Stratification of magnetic field strength. As the inset in (b) indicates, the minor and the major components can 
be identified by the type of line, (b) Stratification of density, (c) Fraction of the atmosphere occupied by the two components, (d) 
Stratification of velocity along magnetic field lines. Note that in order to get the Doppler shifts, the velocity U has to be corrected 
for the inclination of the magnetic field. As the minor and major components have opposite polarities, both yield redshifts. (The 
magnetic field inclinations of the major and minor components are 74° and 144°, respectively, so that the major component has 
positive polarity whereas the minor component has negative polarity. ) The symbols correspo nd to the quantities use d as free 
parameters during fitting, which set the full stratification of the atmosphere via MHD constraints (Sanchez Alm eidall 19971) . 



der of a few kms . Order of magnitude estimates show that 
1 kms 1 suffices to expl ain the transport of energy by convec- 
tion in penumbra (e.g., ISpruitHl987l: IStein & Nordlundlll998t 
Sanchez Almeida 2009). For the transport to be effective, verti- 
cal velocities of such magnitude should be present everywhere. It 
is still unclear whether such large velocities are common enough 
to be responsible for the required convective transport, and such 
possibility has to be studied in detail. 

Hinode observations show the reversals to prefer the outer 
penumbra, whereas asymmetric blueshifted pro files (like those 
in Fig . [5]) cluster toward the inner penumbra (Ichimoto et al. 
120071) . One might think that this fact compromises our interpre- 
tation, because dark cores tend to appear in the inner penum- 
bra. However, beware of oversimple interpretations of Hinode 
spectra. Hinode/SP does not resolve individual dark cores and 
bright sides, but spatially integrate them. If the bright sides dom- 
inate, then the resulting Stokes V profiles would show proper- 
ties of the bright sides, even if the pixel contains a dark core. 
Actually, blueshifted profiles seem to be associated with bright 
continuum features, supporting that the bright sides dominate in 
these points. As one moves toward the outer penumbra, the mag- 
netic field of the bright sides becomes more horizontal, reducing 
the Stokes V signals, and allowing the dark core polarization to 
show up. In agreement with this conjectu re, the reverse polarit y 
patches seem to coincide with dark lanes (Ichim oto et alj |2007). 



Insufficient resolution can also be invoked to explain the dif- 
ferent morphological appearance of the Hinode polarity rever- 
sals and the SST dark cores. Dark cores are elo ngated features, 
but th e locations of downflows described by [ichimoto et al.l 
d2007l) are much more point-like features. Cross-over Stokes V 
signals critically depend on the orientation of the magnetic fields 
with respect to the line-of-sight. Small modifications of the mag- 
netic field geometry would make the reverse polarity unobserv- 
able, overwhelmed by the Stokes V signals of the main sunspot 
polarity. The reverse polarity shows up only when a number of 
conditions are met, but this need to satisfy several delicate trade- 
offs makes the presence of identifiable reverse polarities rare, 
therefore, they tend to be spatially scattered, discontinuous, and 
so point-like. On the contrary, these delicate balances do not af- 
fect the intensity and, therefore, unpolarized light SST images 
tend to show more continuous structures with the filamentary 
appearance characteristic of penumbrae. 

A final important comment is in order. Stokes V profiles like 
those in Figs.[3]and[5]have net circular polarization (NCP), i.e., 
the wavelength integral of the Stokes V profile differs from zero. 
NCP can only be produced by variation of the magnetic field and 
velocity a long the line-of-sig ht, a well known fact f rom th e early 
works by Illin g et all d 19751) and lAuer & Heaslevl d!978l) trying 
to ex plain the broad-band circular po larization in sunspots (see, 
e.g.. [Sanchez Almeida & Litesl 1 19921 and references therein). 
This implies that strongly asymmetric Stokes V profiles show- 
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Fig. 5. Same as Fig.[3]but for one of the strongly blueshifted regions. In this case the solid lines correspond to the model atmosphere 
in Fig.|6l 
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Fig. 6. Model MISMA reproducing one of the typical blueshifted profiles (the dotted lines in Fig. [5]). See caption of Fig. [4] for a 
description of the various plots. The inclinations of the major and minor components are 66° and 39°, respectively, so that both 
components have positive polarity. After correcting U for the magnetic field inclination, the velocity of the minor component along 
a vertical line-of-sight corresponds to blueshifts. The change with respect to Fig.|4]is due to the flip of the minor component polarity, 
which is negative in Fig.|4]and positive here. 
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ing NCP will be always present in sunspots, no matter the spatial 
resolution of the observation across the line-of-sight. Even if we 
improve the resolution of our telescope to infinity, we will never 
be able to separate the penumbrae into pixels where the magnetic 
field is uniform. In other words, resolving the fine scale structure 
of the penumbral magnetic field is not (only) a question of im- 
proving the spatial resolution, but it requires understanding line 
asymmetries. Whether this understanding requires MISMAs or 
can be accomplished with a smoother magnet ic field distributio n 
is still a matter of debate (e.g., SA05, Sect. 5; Langhans 2006). 
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